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Materials and methods:
Synthesis of 2,6-bis(methylenecyclopentadienyl)pyridine disodium salt (Na 2 PyCp 2 ) and KFp was prepared as previously described S1,S2 and carried out under strict anaerobic and anhydrous conditions using an Ar filled glovebox (Vigor) and solvents dried and flushed with Ar using a solvent purification system (JC Meyer Solvent System). All glassware used in the glovebox was oven dried and cycled into the glovebox overnight. Sodium cyclopentadienide (0.1 mol in THF), and anhydrous Ce(OTf) 3 were purchased from STREM. The Ce(OTf) 3 was dried for two days at 180 °C under vacuum prior to use. Samples used for magnetic characterization were either single crystalline material or microcrystalline powders. Magnetic samples of 1, 2, and 3 were prepared with an eicosane matrix in a high purity NMR tube which was flame sealed under vacuum. The eicosane (Acros Organics) was melted in a hot water bath (42 °C) and was dispersed homogeneously throughout the sample. Magnetic characterization of 1, 2, and 3 were obtained using a Quantum Design MPMS 3 SQUID magnetometer. DC measurements were acquired under an applied 1000 Oe field at a temperature range of 2-300 K. AC measurements for 1, 2, and 3 under applied DC fields ranging from 500 Oe to 4000 Oe at temperature ranges of 4 to1.8 K.
Elemental analysis was carried out by Midwest Microlab. Cyclic voltammograms (CVs) were recorded in a Ar-filled glovebox using a GAMRY Ref600 potentiostat with a three-electrode setup: glassy carbon disk (BasInc) working electrode, silver pseudo reference electrode, and platinum wire counter electrode (Alfa Aesar A BRUKER APEX 2 Duo X-ray (three-circle) diffractometer was employed for crystal screening, unit cell determination, and data collection. The goniometer was controlled using the APEX2 software suite, v2008-6.0. S3,S4 The sample was optically centered with the aid of a video camera such that no translations were observed as the crystal was rotated through all positions. The detector was set at 6.0 cm from the crystal sample (APEX2, 512x512 pixel). The X-ray radiation employed was generated from a Mo X-ray tube (Kα = 0.71073 Å with a potential of 40 kV and a current of 40 mA). 45 data frames were taken at widths of 1.0°. These reflections were used in the auto-indexing procedure to determine the unit cell. A suitable cell was found and refined by nonlinear least squares and Bravais lattice procedures. The unit cell was verified by examination of the h k l overlays on several frames of data. No super-cell or erroneous reflections were observed. After careful examination of the unit cell, an extended data collection procedure (5 sets) was initiated using omega scans.
Integrated intensity information for each reflection was obtained by reduction of the data frames with the program APEX2. S4 The integration method employed a three-dimensional profiling algorithm and all data were corrected for Lorentz and polarization factors, as well as for crystal decay effects. Finally, the S4 data was merged and scaled to produce a suitable data set. The absorption correction program SADABS S5 was employed to correct the data for absorption effects.
Systematic reflection conditions and statistical tests of the data suggested the space group Pnma. A solution was obtained readily (Z=4; Z'=0.5) using XT/XS in APEX2. S4,S6 Hydrogen atoms were placed in idealized positions and were set riding on the respective parent atoms. All non-hydrogen atoms were refined with anisotropic thermal parameters. Absence of additional symmetry and voids were confirmed using PLATON (ADDSYM). S7,S8 The structure was refined (weighted least squares refinement on F2) to convergence. S4,S6,S9
Compound 2. A Leica MZ 75 microscope was used to identify a suitable colorless plate with very well defined faces with dimensions (max, intermediate, and min) 0.221 x 0.218 x 0.083 mm 3 from a representative sample of crystals of the same habit. The crystal mounted on a nylon loop was then placed in a cold nitrogen stream (Oxford) maintained at 110 K.
A BRUKER APEX 2 Duo X-ray (three-circle) diffractometer was employed for crystal screening, unit cell determination, and data collection. The goniometer was controlled using the APEX2 software suite, v2008-6.0. S3,S4 The sample was optically centered with the aid of a video camera such that no translations were observed as the crystal was rotated through all positions. The detector was set at 6.0 cm from the crystal sample (APEX2, 512x512 pixel). The X-ray radiation employed was generated from a Mo X-ray tube (Kα = 0.71073 Å with a potential of 40 kV and a current of 40 mA).
45 data frames were taken at widths of 1.0°. These reflections were used in the auto-indexing procedure to determine the unit cell. A suitable cell was found and refined by nonlinear least squares and Bravais lattice procedures. The unit cell was verified by examination of the h k l overlays on several frames of data. No super-cell or erroneous reflections were observed.
After careful examination of the unit cell, an extended data collection procedure (10 sets) was initiated using omega and phi scans.
Integrated intensity information for each reflection was obtained by reduction of the data frames with the program APEX2. S4 The integration method employed a three-dimensional profiling algorithm and all data were corrected for Lorentz and polarization factors, as well as for crystal decay effects. Finally, the data was merged and scaled to produce a suitable data set. The absorption correction program SADABS S5 was employed to correct the data for absorption effects.
Systematic reflection conditions and statistical tests of the data suggested the space group P21/n. A solution was obtained readily (Z=2; Z'=0.5) using XT/XS in APEX2. S4,S6 Hydrogen atoms were placed in idealized positions and were set riding on the respective parent atoms. All non-hydrogen atoms were refined with anisotropic thermal parameters. Absence of additional symmetry and voids were confirmed using PLATON (ADDSYM). S7,S8 The structure was refined (weighted least squares refinement on F 2 ) to convergence. S4,S6,S9
Compound 3. A Leica MZ 75 microscope was used to identify a suitable yellow block with very welldefined faces with dimensions (max, intermediate, and min) 0.228 x 0.213 x 0.162 mm 3 from a representative sample of crystals of the same habit. The crystal mounted on a nylon loop was then placed in a cold nitrogen stream (Oxford) maintained at 110 K.
A BRUKER APEX 2 Duo X-ray (three-circle) diffractometer was employed for crystal screening, unit cell determination, and data collection. The goniometer was controlled using the APEX2 software suite, v2008-6.0. S3,S4 The sample was optically centered with the aid of a video camera such that no S5 translations were observed as the crystal was rotated through all positions. The detector was set at 6.0 cm from the crystal sample (APEX2, 512x512 pixel). The X-ray radiation employed was generated from a Mo sealed X-ray tube (Kα = 0.70173Å with a potential of 40 kV and a current of 40 mA).
After careful examination of the unit cell, an extended data collection procedure (6 sets) was initiated using omega scans.
Systematic reflection conditions and statistical tests of the data suggested the space group Pna21. A solution was obtained readily using XT/XS in APEX2. S4,S6 Hydrogen atoms were placed in idealized positions and were set riding on the respective parent atoms. All non-hydrogen atoms were refined with anisotropic thermal parameters. Thermal ellipsoid on O18 suggested a disorder and was modeled successfully between two positions with an occupancy ratio of 0.52:0.48. Appropriate restraints / constraints were added to keep the bond distances, angles, and thermal ellipsoids meaningful. Absence of additional symmetry and voids were confirmed using PLATON (ADDSYM). S7,S8 The structure was refined (weighted least squares refinement on F 2 ) to convergence. S4,S6,S9 (5) --
S7
Computational details
The X-ray crystal structure of 1 was imported into Gaussian 09, Revision D.01 S10 without further optimization (i.e. single point calculations). The BP86 S11 functional was used, in combination with the 6-311G* S12 basis set for the C, H, O, N atoms, and the all-electron correlation consistent basis sets for Ce (cc-pVTZ-DK3) S13 , and Fe (cc-pVTZ-DK) S14 . The integration grid was set to ultrafine. The DouglasKroll-Hess (DKH) S15 2nd order scalar relativistic scheme was applied. Furthermore, both single point calculations and geometry optimizations were performed for 1 with Orca 4.0.0 S16 utilizing the BP86 functional, with the ZORA S17 Hamiltonian, in combination with the ZORA recontracted basis set S18 for Ce (SARC-ZORA-TZVP), Fe, C, N, O, and H (ZORA-def2-TZVP). Topological analysis (Quantum Theory of Atoms in Molecules, QTAIM) S19 was performed on the Kohn-Sham orbitals generated from both Gaussian and Orca by employing AIMAll S20 . In addition, both single point calculations and geometry optimizations were performed for 1 with the Amsterdam Density Functional modeling suite (ADF 2017) S21 utilizing the BP86 functional, TZ2P S22 basis sets and the ZORA method for scalar relativistic effects. QTAIM analyses were performed with the adf2aim utility, which is part of the ADF package. 
Syntheses.
Synthesis of (thf)PyCp
Synthesis of [(PyCp 2 )Ce(μ-OTf)] 2 (2) :
The material was prepared as previously described for [(PyCp 2 )Dy(μ-OTf)] 2 . S1 A 25 ml THF solution of Na 2 PyCp 2 (0.5614, 2.01 mmol) was added dropwise to a 25 THF suspension of Ce(OTf) 3 (2.00 mmol, 1.175 g). The reaction was occasionally stirred manually for 2 h in a cold well at -30 °C and warmed to room temperature. After 2 d of stirring, the THF was removed and replaced with DCM (30 ml) and left to stir overnight. The solution was filtered and hexanes (50 ml) was slowly added to the filtrate and left overnight. The product was collected as golden yellow plate crystals in a 40.3 % (0.421 g) yield as golden yellow plate crystals. Anal. Calcd. For C 36 H 30 Ce 2 F 6 N 2 O 6 S 2 C, 41.38; H, 2.89; N 2.68. Found: C, 41.11; H, 2.94; N, 2.58.
Synthesis of [(PyCp 2 )Ce(thf)(OTf)] (3):
The material was prepared as previously described for [(PyCp 2 )Dy(thf)(OTf)]. S1 Approximately 50 mg of 2 was dissolved in 2 ml of THF and layered with 5 ml of hexanes and placed in a freezer (-30 °C) overnight. The resulting bright yellow block crystals were collected for further characterization. Close to quantitative yields were obtained. Anal. Calcd. For C 22 H 23 CeF 3 NO 4 S C, 44.44; H, 3.90; N, 2.36. Found: C, 44.32; H, 3.94 ; N, 2.29. 
